ABSTRACT -It was evaluated the effects of levels of digestible lysine and chelate zinc combined in the diet for laying on the egg quality. It was used 720 birds, from 48 to 60 weeks of age, distributed in a completely randomized design in a 3 × 5 factorial scheme with three levels of zinc and five levels of lysine, applied into six replicates in the experimental units of eight birds per plot. The levels were: 137, 309 and 655 ppm zinc and 0.482, 0.527, 0.582, 0.644 and 0.732% digestible lysine. It was not observed any interaction among digestible lysine and zinc for the primary variables of fractions and egg composition. Levels of zinc reduced egg weight, suggesting the lowest efficiency in nutrient intake. At the highest dietary concentration of zinc, the addition of digestible lysine coincided with a linear increase in shell weight. However, zinc addition, regardless of lysine level in the diet, resulted in the reduction of egg weight and of the percentage of mineral matter in the yolk, limiting the efficiency of mineral deposition in this fraction of the egg. Concentration of zinc that produced the best results was 137 ppm inasmuch as higher quantities limit the use of digestible lysine, with effects harming composition and egg quality. The study indicates the following requirement for digestible lysine: 0.639% from the 48 th to the 52 nd week, 0.679% from the 52 nd to 56 th week, and 0.635% from the 56 th to the 60 th week. Considering the total period from 48 th to the 60 th week, the level 0.638% of lysine or the daily intake of 707 mg of the amino acid met the requirement for egg quality of semiheavy layers used in this study. 
Introduction
The knowledge of protein and mineral requirements for lying hens in production is of fundamental importance inasmuch as the intake of protein, particularly amino acids, influence the production and egg size (NRC, 1994) . Because of the increase in egg production of hens present, gradual changes in the demands for amino acids occurred.
In this case, lysine, considered as the standard amino acid in relation to other amino acids, is the nutrient primarily associated with egg mass protein Gunawardana et al., 2008) . So, when prioritized in protein synthesis, the correct use of lysine and other amino acids in the diets of birds allows more efficient use of nutrients (Namazu et al., 2008) .
Although the production of chelated minerals in Brazil started during the 1970s, research on their use in animal nutrition is limited (Mabe, 2001; Hudson et al., 2004 Hudson et al., , 2005 Namazu et al., 2008) . Their importance has been discussed based on specific actions in the preintestinal absorption and after absorption in cellular metabolism due to higher bioavailability when compared with the same minerals in inorganic form. Due to a higher bioavailability, chelated minerals can be used in small quantity in the diet thereby producing beneficial effects on the animal while minimizing environmental pollution (Hudson et al., 2004 (Hudson et al., , 2005 .
Zinc, which is a trace mineral, is essential to the metabolism of proteins, carbohydrates, fat and is associated with multiple enzymatic activities in the body. In addition to cell division, DNA synthesis and protein, zinc is associated with tissue growth, immune functions, prostaglandin production and bone mineralization (Cheng et al., 1998) . Compared to inorganic form, in organic form, zinc is more available for animal (Aoyagi & Baker, 1993) , becoming an option on mineral nutrition, as well as in egg production.
The objective of this study was to evaluate the effect of dietary concentrations of lysine and zinc chelate (above the recommended) on production and composition of brown egg laying hens in the period 48-60 weeks of age.
Material and Methods
The study was conducted in the experimental aviary, Departamento de Nutrição e Produção Animal of FMVZ, Universidade de São Paulo, Pirassununga, SP, Brazil.
In a randomized experimental design, 720 commercial brown laying hens from 48 to 60 weeks of age were distributed. During 12 weeks of evaluation, three controls (52, 56 and 60 weeks of age) of production variables were performed. Data for chemical composition of albumen, yolk and whole egg without the shell were obtained at the end of the trial period. The treatments were applied in a the 3 × 5 factorial arrangement, the first factor ppm zinc and the second level percentage of lysine, applied in six replicates. The experimental unit was composed of eight birds per cage.
The birds were distributed in pairs, cages twin built in galvanized wire, measuring 0.25 × 0.40 × 0.40 m, arranged in line. All hens were supplied with feed and water ad libitum. Animal housing and handling procedures during experimentation were approved by Comissão de Ética of FMVZ-USP.
The experimental diets, according to laboratory analysis, had 137, 309 and 655 ppm of zinc chelate and the lysine levels were formulated to meet 0.50; 0.60; 0.70; 0.80 and 1.00% . The diets were based on corn and soybean meal. Other nutritional requirements were met as recommended by Rostagno et al. (2005) . Lysine and other amino acids were added in order to meet the relationships established as the most suitable for laying hens.
The Zn value (35 ppm) was obtained from ingredients corn, soybean meal, gluten meal 60% and limestone. The levels of the amino acid analyzed by Ajinomoto, according to the method described in AOAC Official Method 994.12, Amino Acids in Feeds Performic Acid Hydrolysis-Acid Oxidation with Sodium Metabisulfite Method (1984) were 0.560, 0.612, 0.677, 0.748, and 0.851% of lysine. Digestible lysine values were corrected for digestibility weight index (0.8605 or 86.05%), according to the inclusion of each ingredient in the diet, following information in Tabelas Brasileiras para Aves e Suínos (Rostagno et al., 2005) . The corrected values were 0.482, 0.527, 0.582, 0.644 and 0.732% of digestible amino acid. Estimates of lysine level from the regression equations were also adjusted to the levels determined by laboratory analysis.
Analyses of ingredients and diets (Table 1) were conducted in the Laboratory Bromatology of Department of Nutrition and Animal Production, according to the procedures described by AOAC (1984) .
The characteristics of egg quality were evaluated at the end of each experimental control (28 days) using three eggs for each plot, except for density which was assessed for all the eggs in the plot. Eggs were identified according to the experimental diet and weighed individually by using a scale with 0.01-g accuracy. Weights were obtained from the yolk, albumen and egg shell.
The specific gravity was measured in a solution of distilled water and salt in six different densities from 1.070 to 1.100 at intervals of 0.005 measured with a densimeter, according to the technique mentioned by Hamilton (1982) . Eggs from each plot were one-by-one dipped into the solutions to determine the corresponding densities.
Haugh unit was obtained by the relationship between egg weight (g) and albumen height (mm) using the formula described by Ferreira et al. (1996) in which: UH = 100 log (A -1.7 P 0.37 + 7.6), A = albumen height (mm) and P = egg weight (g). The albumen height was measured by using an altimeter.
Evaluation of chemical composition of the eggs was performed at the end of the experimental phase. Each sample was composed of three yolks and albumens were weighed separately, then homogenized and packed in containers with lids. The samples were lyophilized and analyzed following the procedures described by AOAC (1984) . Samples were analyzed for crude protein, ether extract, ash and water in natural matter and lyophilized matter, then corrected to 100% dry matter.
Statistical analysis of the egg quality and composition variables was performed using the Statistical Analysis System computer program - (SAS, 2004) . When assessing the effect of zinc concentration, polynomial regression was considered significant only for linear response because only three levels were used; however, Tukey test was used to validate or not the answers which were characterized as linear or quadratic responses.
Results and Discussion
There was no interaction between zinc and lysine levels on egg production. However, each factor had effect on egg production. With respect to the use of zinc (Table 2 and 3), the increased concentration of mineral coincided with a linear decrease (P = throughout the experimental period (P = 0.007). The reduction in egg weight due to increased dietary zinc suggests a lower efficiency of nutrient absorption, as pointed out by Hudson et al. (2005) on the performance of chickens from 0 to 17 days of age. This adverse effect was suggested by Park et al. (2004) , in a review of the zinc role on poultry nutrition, indicating that the excess of this mineral has a negative effect on feed intake and egg production, causing lesions in the pancreas and gizzard of laying hens.
For shell weight, considering the entire period of evaluation, from 48 to 60 weeks of age, there was an interaction (P = 0.03) among factors. Moreover, the addition of lysine in Table 1 -Ingredient composition and calculated nutrient analysis of the diets provided to commercial brown laying hens from 48 to 60 weeks of age, according to formulated lysine level diets with 655 ppm of zinc coincided with a linear (P = 0.001) increase of shell weight (Table 2) . Hudson et al. (2004) , when using chickens at 58 weeks of age also observed a better quality of eggshell when the birds were submitted to mineral levels above the required, but the reverse occurred at 66 weeks of age. This response in the shell weight, however, was better characterized by the effect caused by increasing concentrations of the amino acid, when it increased the egg weight during the evaluation periods. As reported by Yamaguchi et al. (1988) and Cheng et al. (1998) , protein synthesis related to zinc is restricted to bone tissue and in the present study, probably to the egg shell. In this case, the increase on weight of the whole egg depends on the increase of lysine in the diet, as observed by Martinez et al. (2005) referring to the current layer hen in its bigger production. Considering the factor lysine (Table 2) , it is observed that increasing dietary amino acid suggests a linear increase (P = 0.07) on shell weight (Table 2) when birds are at 60 weeks of age. This response showed a quadratic increase in the egg weight without the shell (P = 0.02) when dietary lysine was added in the same period and in the remaining time interval (48-52, 53-56 and 57-60 weeks), including total period (Table 3) .
The estimated level of amino acid, adjusted proportionately for the laboratory analysis would be 0.638% for the total period. It could be observed that for the relative value (percentage) of shell weight the treatment effects were not apparent. Thus, lysine affected the increase in egg weight and this increase was proportional to the shell. Prochaska & Carey (1993) , Scheideler et al. (1996) , and Liu et al. (2005) also found no difference in the percentage of shell eggs in birds fed different amounts of dietary lysine. Ratifying therefore, the observations of Yamagushi et al (1988) and Cheng et al. (1998) restated that protein synthesis is not related to zinc, except for the bone tissue.
For the use of zinc, it was observed that increase in the concentration of this mineral coincided with a reduction (P = 0.002) in shell weight in controls performed in the week 52 and week 60 (P = 0.10). In a study on breeding birds for (Table 2) , there were no interactions between lysine and zinc, but it was characterized a quadratic effect of lysine factor on yolk weight, which did not occur in the albumen. Digestible amino acids levels estimated as optimal were 0.581% at the end of week 52 (P = 0.02), 0.679% at the end of the week 56 (P = 0.07) and 0.635% at the end of the week 60 (P = 0.001) of age of the bird. The variation of estimated levels coincided with the increase in egg weight which varied from 60.7 to 62.4 g at the end of the first control, 62.4 to 63.3 g at the end of the second control and 62 to 64.7 g at the end of the third experimental control, in response to changes in the lysine level. The same occurred with shell weight, which varied (P = 0.002) from 6.3 to 6.7, when it was considered throughout the assessment period (48 to 60 weeks of age).
Also, when total period was considered, there was a quadratic response (P = 0.0004) for factor lysine on egg yolk weight. In this case, the estimated level of lysine was 0.638% for the consumption of 110.8 g/bird/day and daily intake of 707 mg of lysine which is a level lower than those recommended by NRC (1994) and by Rostagno et al. (2005) , suggesting 0.76% and 0.70% of digestible amino acid, respectively.
The results of this study confirm those obtained by Prochaska et al. (1996) , who found greater weight of the yolk when hens received higher levels of dietary lysine. However, they go against Liu et al. (2005) and Sá et al. (2007) , who observed no effect of lysine levels in egg yolk weight. In contrast, observed lower weight of yolk, when laying hens were fed greater levels of lysine in the diet.
On chemical composition of the egg (Table 2) in natural matter, at the end of the trial period, there was an isolated effect of lysine (Table 3) in the percentages of water (P = 0.00009), protein (P = 0.001) and ether extract (P = 0.002). It was observed that under increasing concentration of lysine, protein was reduced to a certain point, and the reverse occurred in the composition of lipids. Based on egg protein content, the lower concentration would be under the level 0.635% of lysine and higher concentration of lipids would be under 0.639% of lysine, corrected according to amino acids analysis and digestibility indices. The levels of lysine indicated for both variables are close to 0.638%, estimated for egg weight in the total period. Considering the importance of lysine for protein synthesis, the egg protein content would be more appropriate as a benchmark when comparing these variables, however, the corresponding coefficient of determination of equation (67.11) does not ensure accuracy for its estimate.
After removing the water from the egg fractions (Table 4 ) by the lyophilization method, there was no significant effect from lysine and zinc on dry matter or water content of the albumen. For yolk dry matter, there was a quadratic effect (P = 0.02) when lysine was increased in the diet. The smallest amount of dry matter occurred in 0.613% of 1 Estimated values from digestibility factor 0.8605, obtained as an average weight of ingredients used in formulation of diets and corrected by total amino acids analyzed of diets. Letter differ by Tuckey test (P<0.05). CV% = coefficient of variation; ns = not significant effect. Table 4 -Composition of egg fractions in laying hens at the end of 60 weeks of age, according to the levels of zinc and lysine 1 digestible lysine, coinciding with the reduction of protein and lipids increased in that same fraction. On composition of dry yolk, there was an interaction (P = 0.00001) of the studied factors, however, the most pronounced effect resulted from variation of dietary lysine (Table 4 ). The responses of zinc within the factor lysine were characterized by frequent inconsistency of results, predominantly quadratic responses. In this case, the interactions with quadratic effects of zinc were not considered to have evaluated only three levels of the mineral, so the coefficient of determination for quadratic responses indicated 100% accuracy, which is not real, according to the results obtained. Furthermore, increased levels of the amino acid at all concentrations of zinc have coincided with the linear reduction of 11% in the protein concentration. At the same time, increased dietary amino acid at all concentrations of zinc coincided with 7% increase in ether extract of the yolk. As observed by Namazu et al. (2008) , the lower intake of zinc, the lower lipid deposition in broilers, when varying the concentration of the 43-253 ppm in the diet. In the same studies, it was shown that for the highest dietary concentration, organic zinc causes a greater utilization of energy intake, with effects on lipid deposition.
Based on the yolk protein concentration, responses differ from the ones reported by Prochaska & Carey (1996) , who observed an increase of this component in the same fraction of the egg. Similarly, did not obtain differences in yolk protein by increasing the concentration of the same amino acid in the diet. However, the current result agrees with Novak et al. (2006) , who observed an inverse relationship when reduced the amino acid in the diet, and reported increasing of protein content, according to reduction of dietary lysine concentration.
It was also observed in mineral composition of freezedried egg yolk, an interaction between lysine and zinc in the ash content. The increase of amino acid coincided with a linear reduction of ash at all levels of zinc. Likewise, there was a pronounced effect of increased zinc concentration in the linear decrease (P = 0.003) of the ash in yolk. From the highest to the lowest level of mineral inclusion, ash was reduced by 19%. This same relative difference was observed in varying levels of lysine which, probably, is related to increased level of lipids in the yolk.
In freeze-dried albumen fraction, the result was opposite to the yolk. The increase of dietary lysine resulted in a linear increase of 4% protein and 21% linear reduction of the ether extract. This response confirms that lysine metabolism is directed to protein synthesis, with the deposition of water, as featured in the albumen fraction and the reduced fat deposition would be the result of increased efficiency. The daily intake of lysine determines the intensity of protein synthesis by certain concentrations, but insufficient energy intake to achieve this process would limit the use of amino acid. For factor zinc, it was found a positive linear response (P = 0.001) in percentage of ash in albumen.
The density and Haugh unit were not significantly different in all experimental controls, which is in agreement with ), Jordan Son et al. (2006 and Sá et al. (2007) .
On daily rates of nutrient deposition in the egg without the shell and its fractions (Table 5) , there were no interaction of lysine and zinc for the accumulation of water, protein and lipids. Amino acid and mineral interaction was characterized on mineral fraction of yolk (P = 0.01) and total ash (P = 0.03). At concentrations of 137 and 309 ppm zinc, digestible lysine quadratically responded (P <0.05) for the mineral deposition Hudson et al. (2005) , in which nutrient absorption is less efficient when the concentration of the mineral is high. The greatest apparent need of lysine, due to the increase in the concentration of zinc, does not correspond to greater efficiency in the use of amino acid by the bird. When it is considered the variation of lysine factor in daily rates of deposition (Tables 5 and 6 ), there was a quadratic response (P = 0.0003) of the amino acid in yolk water indicating the same effect (P = 0.07) in total water of egg without the shell, estimating the amino acid at 0.649% according to analyzed results from diet and digestibility index. Such responses coincide with increased protein concentration of albumen, confirming the relationship of protein synthesis in the deposition of water in tissue formation (Trindade Neto et al., 2004) .
Albumen protein (P = 0.02) and ether extract of yolk (P = 0.002) increased linearly in response to increasing dietary lysine (Table 6 ). The deposition of lipids in the albumen (P = 0.00001) and total lipids (P = 0.0002) were quadratic for increasing dietary lysine. Based on total lipids, the estimated level of digestible amino acid would be 0.670%, however, this variable would not be the best option for determining this requirement, considering the relationship between protein deposition and water in the tissues.
There was an interaction of lysine and zinc in mineral deposition of yolk (P<0.01) and mineral total deposition (P = 0.03) of egg (Table 6 ). At the 309 ppm concentration of zinc, the variation of dietary lysine produced significant effect (P<0.05) according to the quadratic equation Y= 1.13 -1.87916X + 1.06235X 2 , R 2 = 99.47. The lowest yolk mineral deposition occurs at the estimated level of 0.647% of the amino acid. From the lowest level of lysine to the level estimated as optimal, deposition was reduced by 33%, confirming that excess of zinc does not help the metabolic efficiency of amino acid. Increasing zinc in the diet resulted in a reduction of 21% in mineral deposition. As noted by Park et al. (2004) and Hudson et al. (2005) , in excess, zinc has detrimental effect on egg production, affecting the absorption of nutrients, and causing lesions in the pancreas and gizzard of laying hens. The greatest apparent need of lysine, under high concentration of zinc in the diet, does not correspond to increased efficiency in the use of amino acid by the bird, and then the absorption is probably affected, as shown by the data on production and egg composition.
Conclusions
In organic form, the better concentration of zinc chelate is 137 ppm whereas greater quantities of zinc limits the use of lysine and negatively affect yield and composition of eggs. In the period from 48 to 60 weeks of age, the level 0.638 digestible lysine, corresponding to daily intake of 707 mg of amino acid, meets the requirements for egg quality of semi-heavy laying hens. Table 6 -Regression equations of lysine effect on deposition of chemical components (g/day)
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